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® Method of alr-condltloning and system for the same. 



© The present invention includes a method of air- 
conditioning which forms in a space to be air-con- 

Sditioned, a plurality of circulating flows (A.-A*. B,-B«) 
of air respectively blown through air outlets (2C^, 
2F M ; 3C^ t 3F t ^) of an air-conditioning system 
2 disposed at predetermined positions within this 
(v> space and which successively repeats two steps: a 
first step of changing the effective range of at least 
1^1 one of the circulating flows; and a second step of 
^returning that circulating flow or flows as effected in 
Q the first step to the effective range thereof which 
obtained before the first step, and an air-conditioning 
CL system for carrying out this method, which forms, in 
^a space to be air-conditioned, a plurality of circulat- 
ing flows of air respectively blown through air outlets 



of an air-conditioning system disposed at predeter- 
mined positions within the space and which com- 
prises: a means (23, 24, 27) for changing the effec- 
tive range of at least one of the circulating flows and 
returning that circulating flow or flows as changed to 
the effective range thereof which obtained before the 
range was changed; and a means (22) for conduct- 
ing the repetition of the two effects of the above 
means. 
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METHOD OF AIR-CONDITIONING AND SYSTEM FOR THE SAME 



BACKGROUND OF THE INVENTION 

The present invention relates to a method of 
air-conditioning and a system for the same. 

A conventional type of air conditioner for rail- 
road cars is described first as one example of a 
known system which is closely allied to the present 
invention. Ten or eleven small air conditioners are 
disposed and mounted on the ceiling of the pas- 
senger accommodation in a train car in the longitu- 
dinal direction thereof. Each air conditioner has four 
air outlets and four air inlets disposed in the ceil- 
ing. When this type of air conditioner operates to 
cool the passenger accommodation, namely, a 
space to be air-conditioned, cooled air is blown 
through each outlet to the center of the passenger 
accommodation, thereby cooling the same, and the 
air in this space is thereafter drawn in through the 
corresponding inlet. According to this method, two 
circulating flows are generated, as viewed in the 
transverse direction of the car. The position of each 
of these two circulating flows is fixed, and the wind 
velocity generally decreases as the circulating flow 
approaches the center thereof. The approximate 
head height of each passenger seat is about half 
the height of the passenger accommodation space, 
and the position of the seat which is nearest to the 
center of the circulating flow corresponds to the 
center of the circulating flow is such that the wind 
velocity at this seat is smaller than that at other 
seats. Therefore, the air-conditioning effect is re- 
duced in this position, and the unpleasantness of 
the unsatisfactorily air-conditioned atmosphere ex- 
perienced by the passenger on this seat is in- 
creased. Moreover, air-conditioning is not effected 
in regions to which the circulating flow fails to 
reach, since the position at which each circulating 
flow is generated is fixed. In particular, an exces- 
sively cooler layer of air stagnates in the vicinity of 
the floor in the central regions, so that a cold 
atmosphere region tends to form near the floor. It 
is thus difficult to provide uniform temperature dis- 
tribution throughout the passenger accommodation 
and to assure pleasant conditions for the pas- 
sengers. 

Japanese Patent Laid-Open No. 192663/1984, 
for example, discloses a related system of this type 
in which the wind blown through an outlet formed 
on the ceiling forms two circulating flows in the 
transverse direction of the car on both sides of the 
center thereof so that the passengers are not di- 
rectly exposed to the flows. In this arrangement, 
the positions of two circulating flows in the trans- 
verse direction section are fixed so that a cold 



atmosphere region tends to occur near the floor 
surface, and a hot atmosphere region tends to 
occur near the ceiling at the'time of heating. As the 
positions of these circulating flows are fixed, the 

5 cooling effect thereof is not stimulating to the hu- 
man body and the passengers can not feel cool. 

Thus, the conventional methods of air-condi- 
tioning, are not fully able to provide proper air- 
conditioning effects. 

10 These problems also occur in the case of air- 

conditioning in theaters or large-size refrigerators. 

SUMMARY OF THE INVENTION 

75 

It is an object of the present invention to pro- 
vide uniform temperature distribution in a space to 
be air-conditioned and to improve the air-condition- 
ing efficiency. 

20 To this end. the present invention provides a 

method of air-conditioning which forms, in a space 
to be air-conditioned, a plurality of circulating flows 
of air respectively blown through air outlets of an 
air-conditioning system disposed at predetermined 

25 positions within this space and which successively 
m repeats two steps: a first step of changing the 
effective range of at least one of the circulating 
flows;* and a second step of returning that circulat- 
ing flow or flows as effected in the first step to the 

30 effective range thereof which obtained before the 
first step. The invention also provides an air-con- 
ditioning system which forms, in a space to be air- 
conditioned, a plurality of circulating flows of air 
respectively blown through air outlets of an air- 

35 conditioning system disposed at predetermined po- 
sitions within the space and which comprises: a 
means for changing the effective range of at least 
one of the circulating flows and returning that cir- 
culating flow or flows as changed to the effective 

40 range thereof which obtained before the range was 
changed; and a means for conducting the repetition 
of the two effects of the above means. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(a), 1(b), 1(c) are elevationai views of 
an embodiment of the present invention in which 
circulating flows in a space to be air-conditioned 
so are represented by vectors; 

Fig. 2 shows graphs of periodical changes pf 
the blowing angle and the flow rate of air currents 
blown through the air outlets shown in Figs. 1(a), 1- 
(b) and 1(c); 
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Fig. 3 shows graphs of the flow velocity of 
the air current flowing around the head of a man in 
the states shown in Figs. 1(a), 1(b) and 1(c); 

Fig. 4 is a block diagram of the functions of 
the system for generating the circulating flows of 
Figs. 1(a). 1(b) and 1(c); 

Fig. 5 is a graph indicating preferable situ- 
ations which enable the human body to feel cool- 
ness; 

Fig. 6 is a cross sectional view of the princi- 
ple underlying the function , of a device in accor- 
dance with the present invention for specifically 
changing the angle component alone of the vector 
of air currents; 

Fig. 7 is an elevational view of a system for 
changing the direction of air currents by employing 
the device of Fig. 6; 

Rg. 8 is an elevational view of a detail of 
portions 25a and 25b shown in Rg. 7; 

Rg. 9 shows graphs of the internal pressures 
of the portions 25a and 25b shown in Rg. 7; 

Fig. 10 is an elevational view of a device in 
accordance with the present invention for changing 
both the wind velocity and angle components of 
the vector of air currents; 

Rg. 11 is an elevational view of a detail of 
the structure of a portion 33a shown in Fig. 10; 

Rg. 12 is a circuit block diagram of an 
example of a portion 22a shown in Rg. 10; 

Figs. 13(a), 13(b) and 13(c) are elevational 
views of another embodiment of the present inven- 
tion in which the change of each of the circulating 
flows in a theater are observed respectively in the 
states (a), (b) and (c); 

Rg. 14 is an elevational view of still another 
embodiment of the present invention showing cir- 
culating flows of air currents in the passenger ac- 
commodation of a railroad car; 

Rg. 15 is an elevational view of circulating 
flows observed after the circulating flows of Rg. 14 
undergo changes; 

Rg. 16 shows graphs of periodical changes 
of the blow angle and the flow rate of air currents 
blown through the air outlets shown in Figs. 14 and 
15; and 

Rg. 17 shows graphs of the horizontal dis- 
tribution of wind velocity at a certain height in the 
spaces shown in Rgs. 14 and 15. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention will be described in de- 
tail with respect to the preferred embodiments 
thereof. 



Fig. 1(a). 1(b) and 1(c) show one embodimer 
of the present invention. As shown in Fig. 1(a! 
outlets 2 ci-4 and inlets 3 C i~4 of air conditioner 
1 are formed on a ceiling 1a of a space to be ai 
5 conditioned, and outlets 2 F i-4 and inlets 3fi-4 4 
the air conditioner 1 are formed on the floor 1? 
The anble of a flow of air blown through each c 
the outlets 2 C i~4 and 2 R ~4 is set at 45° belov 
the horizontal. The flow rate and velocity of the ai 
70 flow blown through each of the ceiling outlet 
2 C i~4 are assumed to be larger, than those of th< 
air flow blown through each of the floor outlet 
2 F l~4. In the air-conditioned space, flows of ai 
blown through the outlets 2 C i and 2c2 of the ceilini 
75 1a form circulating flows A. and A 2 while colliding 
against each other, as shown in Rg. 1(a). Similarly 
other flows of air blown through the outlets 2ca an< 
2c4 of the ceiling 1a form circulating flows Aj an« 
A. while colliding against each other. On the othe 
20 hand, circulating flows B, and B 2 are formed by th 
combination of flows blown through the outlets 2f 
and 2 F2 of the floor 1 6, and circulating flows B, an> 
B« are formed by the combination of flows blow 
through the floor outlets 2 F3 and 2 F4 . The positio 
25 of the resident or a spectator's head is assumed t 
be at a height h. as indicated in Fig. 1. Rgs. 1(t 
and 1 (c) show the flows of air in the air-conditione 
space while the flow rate, velocity and angle < 
each of flows blown through the ceiling outlel 
30 2 C i-4 and the floor outlets 2 F i-4- The size of eac 
of the circulating flows A,-4 and B1-4 differs i 
relation to the respective states of the air flows, a 
shown in Rgs. 1(a). 1(b) and 1(c). In particular, th 
value of the wind velocity at the height h of th 
35 position of the resident or spectator's head varie 
relatively largely with respect to these states. 

Fig. 2 shows an example of the regulation i 
the angle and flow rate (flow speed) at each outle 
in whichr expresses the regulating period. 
40 Rg. 3 shows the flow velocity value measure 
in the position corresponding to the resident < 
spectator's head (at the height h from the floor 11 
on a vertical sectional plane of the air-conditione 
space. If the space is that of a theater, the wir 
45 velocity value indicated in Fig. 3 is of the positic 
of the spectator's head parallel to the stage. Eac 
portion of the graph indicating the minimum vali 
of the wind velocity corresponds to the center 
each circulating flow. When the angle and flow ra 
50 of each wind blowing are changed, the position 
the minimum value of the wind velocity is shifte 
At a position P in Rg. 3, for instance, Rgs. 3(a), 
(b) and 3(c) indicates different wind velocity value 
In other words, comfortableness for the spectato 
55 can be improved by changing the wind veloci 
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value at the heads of the spectators in relation to 
time. A similar effect is observed in the case of a 
swing-head fan which supplies a wind with varying 
intensities. 

Fig. 4 shows a control block diagram at the 
time of a cooling operation, including an outlet flow 
rate controller 23, outlet flow angle controller 24, 
blower 8, cooler 7. outlet flow rate "regulator 27, 
outlet flow angle regulator 28, outlets 20,-4, and 
inlets 3 C i~4. Other constituents and the functions 
are as follows. A regulation period generator 22 is 
designed to change its output period in accordance 
with the .output of a temperature comparator 21. 
That is. the regulation period generator 22 supplies 
an output of a short period, when the difference 
between the temperatures measured by a ceiling 
temperature detector 18 and a floor temperature 
detector 19 becomes larger than a predetermined 
value of a temperature setting device 20. 

The blower 8 supplies a volume of air, which 
has been inhailed through the inlets 3a~4 of the 
system regulator, to a cooler. The air thereby cool- 
ed is distributed by the outlet flow- rate regulator 27 
to two outlets 2 C i, C2- This distributed flows of air 
are blown at certain angles from the horizontal 
through the two outlets 2 C i t c2 to the interior of the 
space to be cooled. The control of the flow rate 
distribution between these two outlets is periodi- 
cally effected by the outlet flow rate controller 23 
and the outlet flow angle controller 24. The outlet 
flow angles at these two portions are periodically 
changed by the outlet angle controller 24 and the 
regulation period generator 22. With respect to the 
outlets 2c3, C4 . flows are similarly controlled. 

Fig. 5 shows a relationship between the outlet 
flow angle and flow rate change period and the 
center point travel velocity of a circulating flow. The 
center point travel velocity of the circulating flow 
exhibits a characteristic such as expressed by the 
solid line of Fig. 5, wrven the outlet flow angle and 
flow rate regulation period t is changed. In the 
region indicated by the broken lines in Fig. 5, the 
time lag is increased even when the outlet flow 
angle and the flow rate period are changed. An 
changing period of the wind velocity value of en- 
suring comfortableness at the head position of a 
seat is in a range of several seconds to several 
tens of seconds, as observed in the case of a 
swing-head fan. Accordingly, the outlet flow angle 
and flow rate regulation period is set within a 
comfortable period range of several seconds and 
several tens of seconds (in a hatched area of Fig. 
5). 

Fig. 10 shows an example of a device which 
periodically controls the flow angle and the flow 
rate at each outlet. Reference numerals 30 and 31 
designate a diaphragm and a flip-flop pure fluid 
control device. The diaphragm 30 is driven by a 



diaphragm driver 35 so that the pressures P, and 
P, are changed. In accordance with these changes, 
the pressures at control ports A and B of the flip- 
flop 31 are changed. These changes of the output 

5 of the diaphragm driver 35 are effected in accor- 
dance with the output of a control circuit 22a. This 
control circuit 22a and another control circuit 22b 
are also connected to drivers 33a and 33b for 
outlet conduits 32a and 32b. A pump 36 draws the 

70 interior air and supplies this air in the form of 
proportioned flows to nozzles 34a and 34b in the 
outlet conduits 32a and 32b. The proportioned 
flows of air give momentums to the internal air of 
the outlet conduits 32a and 32b so as to form flows 

75 therein, as they are jetted from the nozzles 34a and 
34b in the outlet conduits 32a and 32b. Each of the 
flows in the conduits 32a and 32b is cooled by the 
cooler 7. The flow rate values in the conduits 32a 
and 32b are determined by those of the flows in 

20 the nozzles 34a and 34b. The flow angles at the 
outlets 2 C i and 2c2 are periodically changed by the 
control circuits 22a and 22b and the outlet conduit 
drivers 33a and 33b. The output generation periods 
of the regulation period generators 22a and 22b are 

25 shifted from each other by a half period in order to 
effect changes of the outlet flow angle periods. 

The arrangements of the drivers 33a and 33b 
are such as shown in Fig. 11. The conduit 32a is 
rotatably supported by a rotational shaft 41 moun- 

30 ted on the ceiling 1a. A rod 43 on which racks 42 
are formed is connected to the conduit 32a by a 
rotational shaft 44. This rod 43 is pinched by two 
gears 44a and 44b engaging with the racks 42 
while preventing the disengagement thereof. The 

35 gear 44b engages with a gear 45 which engages 
with a gear 48 fixed to a rotational shaft 47 of the 
electric motor 46. The electric motor 46 is mounted 
on the ceiling 1a, and the gears 44a, 44b and 45 
are disposed on a frame 49 which is secured on 

40 the ceiling 1a. As shown in Fig. 11, the rotational 
shaft 44 passes through an elongated aperture 50, 
thereby preventing an excessive bending force for 
the rod 43 during the rotational movement of the 
conduit 32a about the rotational shaft 41 . 

45 The arrangement of the control circuit 22a is 
such as shown in Fig. 12. The output of the tem- 
perature detector 18 disposed as shown in Fig. 12 
is amplified by the amplifiers 52a and 52b. The 
outputs of the amplifiers 52a and 52b undergo 

50 subtractions of the subtracter 53 so as to supply an 
output corresponding to the temperature difference. 
The output of the subtracter 53 undergoes subtrac- 
tion with the output of a temperature setting device 
55 through a subtracter 54, thereby putting out the 

55 differential output of the temperature setting device 
55 and the subtracter 53. The output of the sub- 
.tracter 54 is supplied to. a differentiation circuit 56 
which detects whether this value is larger or small- 
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er than a value which was supplied a unitary time 
before. When the present value is larger, the dif- 
ferentiation circuit 56 puts out a positive signal. 
When the present value is smaller, the circuit 56 
puts out a negative signal. If a positive signal is put 
out by the differentiation circuit 56. it is supplied to 
two comparators 57a and 57b. Since the compara- 
tor 57a is adapted for reacting to positive input 
signals while the other comparator 57b reacts to 
negative signals, the comparator 57a alone reacts 
in this case, and operates a normal rotation control 
circuit 58a so as to rotatingly drive the motor 46 in 
the normal direction. If a negative signal is put out 
by the differentiation circuit 56, the comparator 57b . 
reacts to operate a reverse rotation control circuit 
58b, thereby rotatingly driving the motor 46 in the 
reverse direction. 

When the motor rotates in the normal direction, 
the rotational force of the motor 46 is transmitted to 
gears 48, 45 and 44b so as to linearly retract the 
rack 42 to the left hand side of Fig. 11, thereby 
rotating the conduit 32a about the rotational shaft in 
the leftward direction, as viewed in Fig. 11. When 
the motor rotates in the reverse direction, it makes 
the rack 42 porject to the right hand side, thereby 
rotating the conduit 32a in the rightward direction. 

Thus, the conduit 32 is swung from side to 
side in accordance with the difference between the 
temperatures on the floor and ceiling sides, and the 
direction of the outlet 2ciis thereby changed so as 
to move the stagnating layers of air on the floor 
and ceiling sides leftwardly and rightwardly while 
reducing the sizes of the same. 

The diaphragm driver 35 is constituted by uti- 
lizing the almost entire construction of the driver 
shown in Fig. 11, and the movement of the rod 43 
of Fig. 11 is changed into the up-and-down move- 
ment of a diaphragm plate 59 of the diaphragm 30. 

The control circuit 22a for the diaphragm driver 
35 is the same as that shown in Fig. 12. When the 
diaphragm plate 59 is moved down by the control 
operation of this controller 22a, the pressure on the 
P, side is increased and the pressure on the P 2 
side is decreased. When, in this state, the liquid 
. introduced from the blower 8 into the flip-flop pure 
fluid control device 31, a larger amount of air from 
the blower 8 is distributed to the nozzle 34b, so 
that the flow rate is set to be large at the outlet 2c2 
and small at the outlet 2ci. Conversely, when the 
diaphragm is moved up, the? relationship between 
the pressure levels at the ports A and B is re- 
versed, so that the flow rate is small at the outlet 
2c2 and large at the outlet 2 a . 

The conduit 32b and the driver 33b shown in 
Fig. 10 is symmetrically arranged relative to the 
conduit 32a and the driver 33a. In order to provide 
such sizes and dispositions of vortices as indicated 
in Figs. 1(a), 1(b) and 1(c), it is necessary to rotate 



the conduit 32b leftwardly in accordance with the 
leftward rotation of the conduit 32a. To achieve this 
related rotation, the drivers 33a and 33b are ar- 
ranged and disposed symmetrically. The control 

5 circuit 22a for the driver 33b is the same as that 
shown in Fig. 12. The period of leftward and right- 
ward swinging movements of the conduits 32a and 
32b or the period of the change of the relationship 
between the flow rate at the outlets 2 C i and 2 C j 

io may be altered by changing the output of the 
temperature setting device 55. These periods may 
be depend upon the cooling or heating capacity oi 
the air-conditioning system relative to the interior 
space. 

75 The present invention has been described with 
respect to the arrangements in which both the flow 
rate and angle of an outlet flow are regulated, but fl 
is possible to change the flow rate of the outlet flow 
angle alone, thereby changing the size of vortices 

20 and moving the center of each vortex. 

Examples in accordance with the present in 
vention which changes the output flow angle alone 
will be described below. 

Fig. 6 shows a deflection characteristic ob 

25 served when a jet flow is formed by employing * 
pure flow control device. When, as shown in Fig. 6 
a main jet flow having a momentum J s assumed tc 
collide against control flows having momentums Ji 
and Jit , thereafter having a momentum J Q , th( 

30 following equations are obtained by vectorial oper 
ations. 

J s = J o cose 

35 o - tan ^ 

J s 

The deflection angle 6 by which the main je 
flow is deflected can be obtained from these equs 
40 tions. 

Fig. 7 shows still another embodiment of th 
present invention which employs a pure fluid cor 
trol device to periodically control the outlet flcr 
angle at two outlets. A load oscillator 29 ha 

45 capacities Cl25a, Cr25b and load resistance 
Rl26a, Rr26b. The capacities Ct25a and Cr25 
respectively represent space volumes, and the loa 
resistances Rt26a and.Rr26b represent, for exan 
pie, orifices. Fig. 8 shows the output characteristic 

60 of the load oscillator 29. When, for example, the a 
flows while being attached to the left side, the flo 
of air issues after passing through the capaci- 
Cl25a and the resistance R126a. The intern 
pressure of the capacity c!25a is increased by 

55 difference between the flow rate of a flow enterir 
from the output port of the device and the flow ra 
of the flow issuing through the orifice. When tr 
pressure is increased to a limit whereby the c 
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tached flow is maintained, the flow is switched to 
the right. After is has switched, a similar pressure 
buiiup is effected with respect to the right capacity 
Cr25b. Meanwhile, the internal pressure of the left 
capacity Ct25a is decreased. The pressure wave 
forms in the left and right cavities are such as 
shown in Rg. 9. When these pressure wave forms 
are employed, the down stream flows relative to 
the capacities Cl25a and Cr25b, namely, momen- 
tums exhibit variations corresponding to these 
pressure wave forms, so that these momentums 
can be utilized as control momentums Jii and J ir , 
as shown in Figs. 6 and 7. That is, at the outlets 
2 C i and 2a in the arrangement shown in Rg. 7, the 
main jet flows are deflected by the control momen- 
tums Jfi and' J jr directly coupled with the outputs 
of the load oscillator. Each main jet flow is de- 
flected in accordance with the period of the pres- 
sure wave form such as shown in Rg. 9. 

The regulation of the periods shown in the 
graphs of Rg. 9 is effected by moving pistons 61a 
and 61b in the chambers and changing the volume 
of each chamber. Fig. 8 shows the piston 61 a and 
61b and drivers 6sa and 62b for the pistons 61a 
and 61b. As shown in this figure, the driver 62a has 
the same construction as that of the driver of Fig. 
1 1 , and the structure and disposition of the drivers 
62a and 62b exhibit an axial symmetry. 

A control circuit for controlling the motor 46 of. 
the driver 62a is the same as that shown in Rg. 12. 
If the temperature difference between the tempera- 
tures on the ceiling and floor sides largely differs 
from a temperature set by the temperature setting 
device 55, the control circuit judges whether or not 
the former is approaching the latter, by using the 
differentiation circuit 56, thereafter rotating the mo- 
tor 46 in the normal or reverse direction. When the 
motor 46 of the driver 62a rotates in the normal 
direction, the rod 43 of the driver 62a is retracted 
to the left hand side in Rg. 8 and the piston 61a is 
thereby moved left so that the capacity CI 25a is 
increased. When the motor 46 rotates in the re- 
verse direction, the capacity CI 25a is reduced. 

A control circuit for controlling the motor 46 of 
the driver 62b has the same arrangement as that 
shown in Rg. 12 but includes an additional con- 
stituent, namely, a signal inverter for inverting the 
polarity of a signal which is inserted between the 
differentiation circuit 56 and the comparators; 57a 
and 57b. By employing such a circuit with a signal 
inverter as a control circuit for controlling the motor 
46 of the driver 62b, it is possible to provide a 
relationship between the rotations of the motors 46 
of the drivers 62a and 62b such that the motor 46 
of the driver 62a rotates in the normal direction 



while the motor 46 of the driver 62a rotates in the 
reverse direction, and the former rotates in the 
reverse direction while the latter rotates in the 
normal direction. 

s Therefore, when the piston 61a is moved to the 

left hand side, the piston 61b is reversely moved to 
the right hand side so that the capacity ct25a 
increases and the capacity Cr25b simultaneously 
increases by the same amount. Conversely, when 

w the capacity Ct25a decreases, the capacity Cr25b 
also decreases. 

When the capacities Ct25a and Cr25b are 
increased, the period indicated in Fig. 9 is thereby 
increased. When the capacities are decreased, the 

75 period is decreased. To further effect a change of 
this period, the temperature setting of the tempera- 
ture setting device shown in Fig. 28 may be al- 
tered. 

This arrangement enables the outlet flow an- 
20 gles.(fl) of the outlet 2 C i and 2 a to be changed 
periodically, thereby effecting the periodical trans- 
ference of vortices and the change of sizes of the 
same. 

If it is desirable to change the air flow rate in 

25 the arrangement of Rg. 7, a flow rate regulating 
valve may be disposed at an intermediate portion 
of the passage for each main jet flow, the valve 
opening thereof being regulated as desired. The- 
regulation of the valve opening may be carried out 

30 in such a manner that the flow passage for one of 
the main jet flows led to the outlet for generating a 
smaller vortex is throttled to an extent greater than 
the other main jet flow led to the outlet for generat- 
ing a larger vortex. 

35 For the regulation of the outlet flow angle and 

flow rate, means other than the pure fluid control 
devices, namely, louvers, for example, may be 
mechanically rotated so as to change the outlet 
flow angle while regulating the outlet flow rate by 

40 the valve adjustment 

Fig. 13 shows the cooling operation of a air- 
conditioning system for a theater embodying the 
present invention. Reference numerals 9 and 5 
respectively denote air ducts and audience seats. 

45 This embodiment arranges the floor outlets 2 F i-4 
in positions different form those in the embodiment 
shown in Rg. 1 . Each air duct 9 having the floor 
outlet 2 F iand the floor inlet 3p2 is adjacent to the 
audience seats. In the arrangement shown in Rg. 

so 13, the flow angle and flow rate at each of the 
ceiling outlets 2a-C4 changed in accordance 
with the graph of Rg. 2, but. in this case, it is not 
necessary to change the flow angles at the floor 
outlets 2 F i-F4, and the angle thereof is set at 45° 

55 below the horizontal. The flow rate at each of the 
floor outlets 2 F1 ~F4is changed in accordance with 
the graph of Rg. 2. Basically, this arrangement 
generates circulating flows A, to A* and B, to B* 
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similar to those shown in Fig. 1. As shown in Figs. 
13(b) and 13(c), the size and the center position of 
each circulating flow are changed by altering the 
flow angle and flow rate at the ceiling outlets 
2 C i~C4 and the flow rate at the floor outlets 
2 F i~F4- Values of the flow velocity measured at the 
head position on. the audience seats (at a height h 
from the floor) are substantially the same as those 
shown in Fig. 3. The audience can feel comfortable 
as the flow velocity changes. 

In order to realize the flow pattern shown in 
Fig. 13, the flow angles and the flow rates at the 
ceiling outlets 2 C iand 2c2. 2 C3 and 2c4 can be 
controlled by the embodiment shown in Fig. 10. In 
this case, it is not necessary to carry out the angle 
control for the floor outlets 2 F i-F4 and, therefore, 
the conduit drivers such as those provided in the 
embodiment shown in Fig. 10. However, the pattern 
can be realized by the arrangement shown in Fig. 
10. 

Fig. 13 specifically illustrates a flow pattern in a 
vertical cross section of a theater, but the present 
invention is also applicable when the ceiling is 
horizontal; and the floor is stepped; and the height 
H of the ceiling from the floor is small. By changing 
the flow rate at the ceiling outlets 2 C i~C4. the sizes 
of the circulating fjows A t ~4 can be changed while 
fixing the sizes of the circulating flows B,~4. there- 
by maintaining the comfortableness. The height H 
of the ceiling on ordinary, second floor audience 
seats is small. In that case, air-cooling may be 
effected by employing only the circulating flows 
A!~4 shown in Fig. 13, and the floor outlets 2 F i~F4 
are not necessary. 

The cooling operation of an air-conditioning 
system for a train passenger car, namely, a mobile 
space for passengers will be described below. 
Figs. 14 and 15 show in transverse cross section a 
passenger accommodation of the train passenger 
car. Since the distance between the ceiling and the 
floor in the passenger car is small along with the 
width thereof compared with those of theaters, it is 
sufficient to provide two ceiling outlets 2ci and 2c2- 
The inlets 3Fi^are formed in the vicinity of the 
floor. 

In this embodiment, air is blown through the 
outlets 2 C i. 2 on the side of the ceiling 1a so as to 
form two flows both flowing in the directions toward 
the aisle. The blowing angle of the outlet 2d of 
Fig. 12 is e, below the horizontal, and the angle of 
the outlet 2cz is only 0,\ The air flow distribution in 
the transverse direction of the train car in this 
arrangement was obtained by an analysis program 
for analyzing flows of an incompressible and vis- 
cous fluid. This analysis program is used to cal- 
culate the formula of conservation of mass, mo- 
mentum and energy with respect to an incom- 
pressible and viscous fluid on the basis of the finite 



difference method. The calculation was performec 
by assuming that the outlet flow velocity is 2 m/s 
the outlet temperature is 7°C; the ambient air tern 
perature is 30°C; and the outlet flow rates at tw< 
5 outlets are the same. As a result, it was confirme< 
that two circulating flows having different size: 
were generated, as shown in Figs. 14 and 15. Thi 
flow velocity at the approximate head position oi 
each seat (head position of a sitting passenger) ii 
w this embodiment is different from that provided b 
conventional methods. In the state illustrated in Fig 
14, a cold atmosphere region 11 occurs near thi 
floor surface 1b if the outlet flow angle as indicate 
in this figure is maintained. 
75 The results of this calculation obtained whet 
the angles of the outlets 2 C i and 2 02 are change' 
are such as shown in Rg. 15. That is, large 
circulating flows are formed on the side of, thi 
. three adjacent seats and a smaller circulating flow 
20 are formed on the side of the two adjacent seats 
This relationship is reverse to that shown in Fig. V 
As the outlet flow angles are changed, the center 
of the two circulating flows occurring in the tram 
verse direction of the car are moved in the horizor 
25 tal and transverse direction, as is understood fror 
the comparison between the results shown in Fig; 
14 and 15. Moreover, the cold atmosphere regio 
1 1 generated in the vicinity of the floor as shown i 
Rg. 14 is destroyed or reduced by the effects < 
30 the movement of each circulating flow center an 
the change of each circulating flow size. 

The outlet flow rates at the outlets 2 C i and 2< 
on the side of the ceiling 1a are the same in bol 
cases as illustrated in Figs. 14 and 15, but circula 
35 ing flows different in size can also be generate 
when the outlet flow rates, namely. Flow velocitie 
at the outlets 2 C i and 2c2 are varied while settin 
the outlets 2ci and 2c2 at the same angle. That i 
larger circulating flows are formed in the spac 
40 beneath the outlet through which air flows at 
larger flow rate. 

When, as in the case of this embodiment, tt 
center of a circulating flow is located at the he* 
position on a seat, the flow velocity may n 
45 change largely at the head position on some sea 
no matter how the size of the generated circulate 
flow may be. To prevent this problem, it is mo 
effective to change the outlet angles while setting 
higher air flow rate or flow velocity on the side 
so the outlet where a larger circulating flow occur 
thereby increasing the flow velocity at the hei 
position on the seat. 

Fig. 16 shows an example of regulation of tt 
angle and flow rate at the two outlets 2 C i and 2 { 
55 which sets a constant summation of these out! 
angles of, for instance, 90°. 
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fig. 17 shows the flow velocity distribution in 
the horizontal and transverse direction of the car at 
the head height of the passenger seat In this 
figure, the solid line indicates the flow velocity 
value measured when the outlet angles of Figs. 12 5 
and 13 are varied, and the broken line indicates the 
flow velocity value measured when the outlet flow 
angle and rate of Fig. 14 are varied simultaneously. 
If flow velocity distribution such as indicated by the 
broken line in Fig. 15 is provided, the flow velocity 10 
of the large diameter circulating flow at the head 
position on each seat in increased, and, simulta- 
neously, the variations of the flow velocity effected 
by the movement of the circulating flow center are 
maintained. These variations of the flow velocity 75 
ensure the comfortableness for the passenger at 
the head position on the seat. 

The embodiment shown in Figs. 14 to 17 has 
been described its cooling operation in the car. The 
heating operation in the car may be carried out by 20 
switching the cooler, which is shown in Fig. 4, into 
a heater, and. the ceiling outlets 2 C i and 2c2 shown 
in Fig. 12 may be employed. For the heating in the 
car. heated air can be blown through the floor inlets 
3fi and 3 F2 shown in Fig. 14 instead of the blowing 25 
through the outlets in the ceiling 1a. In this case, 
the direction of the rotation of each circulating flow 
occurring in the transverse direction of the car is 
reverse to that of the circulating flow indicated in 
Fig. 12. In the car heating operation, a hot at- 30 
mosphere region is formed in the vicinity of. the 
ceiling whether the air is blown from the side of the 
ceiling or from the side of the floor. Such a hot 
atmosphere region can be destroyed by the effect 
of the arrangement in accordance with the present. 35 
thereby achieving uniform temperature distribution 
in the passenger accommodation space. 

In the embodiment shown in Figs. 14 to 17. 
during cooling or heating in the passenger accom- 
modation, two circulating flows different in size are 40 
generated in the transverse direction of the car and 
the center of each circulating flow is moved so as 
to periodically changing the flow velocity at the 
passenger* head, thus improving the comfortable- 
ness for the passenger. The cold atmosphere re- 45 
gion which tends to occur near the floor at the time 
of cooling and the hot atmosphere which tends to 
occur near the ceiling at the time of heating can be 
destroyed by moving the center of each of the 
above two circulating flows, so that uniform tern- so 
perature distribution in the passenger accommoda- 
tion can be achieved easily. Even when the tem- 
perature distribution is disturbed by the heat enter- 
ing or going out during opening and closing move- 
ment of the entrance door of the passenger accom- 55 
modation. the temperatures on the sides of the 
ceiling and the floor are detected and the outlet 
flow angle regulation period is reduced. It is there- 



by possible to destroy, in a short time, the cold 
atmosphere region near the floor or the hot at- 
mosphere region near the ceiling. The temperature 
distribution in the passenger accommodation is 
thereby uniformized in a short time. 

The air-conditioning system for the train pas- 
senger car has been described as an example of a 
cooling or heating operation in a mobile space for 
passengers. Other examples of mobile spaces for 
passengers include buses, airplanes, etc. Such mo- 
bile spaces have different seat numbers and ar- 
rangements, but the method of air-conditioning 
train passenger cars such as shown in Figs. 14 and 
15 is also applicable to these cases. 

When the present invention is applied to the 
cooling operation of a large cold storage, the cool- 
ing system thereof corresponds to the arrangement 
shown in Fig. 1 except for the floor outlets 2 F i-F4 • 
This system periodically changes the flow angle 
and flow rate at the ceiling outlets 2 C i and 2c2in 
accordance with the graph of Fig. 2 so as to 
change the position of each cold air flow colliding 
with cold-storage goods. The thermal boundary lay- 
ers on the cold-storage goods are thereby de- 
stroyed so that the cold-storage goods can be 
uniformly cooled. The size of each of the circulat- 
ing flows At~4 is changed in accordance with the 
height of the cold-storage goods. The correspond- 
ing flow rates at the outlets 2 C i-C4 are regulated 
with a flow rate regulation valve. This arrangement 
is effective when applied to a cold storage for 
frequently taking in and out small packages. 

It is also applicable to the thawing of frozen 
foods. It is possible to destroy the thermal bound- 
ary layers on the frozen foods and thaws the same 
in a short time by generating circulating flows and 
changing the size and the center position thereof. 

If a pure fluid control device capable of readily 
controlling the outlet flow angle and the outlet flow 
rate in the three-dimensional directions, the flow 
velocity control in the direction of the head posi- 
tions of audience in a theater exhibits variousness, 
thereby further improving the comfortableness. In 
all embodiments of the present invention, the gen- 
eration of large and small vortices and the move- 
ment of the same can be achieved by employing 
the devices shown in Figs 7 and 10. 

Each embodiment of the present invention can 
move, in a vertical sectional plane, the center of a 
plurality of circulating flows having different sizes, 
in cooling or heating operations in an very large 
space such as a theater or in a mobile space for 
passengers. Different temperature regions thereof 
which tend to stagnage near the floor of the ceiling 
can be eliminated in a short time. Thus, the control 
of air for providing uniform temperature distribution 
in an air-conditioned space can be effectively per- 
formed. In addition, it is possible to periodically 
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change the flow velocity of the wind contacting the 
heads of audience or passengers, thereby making 
the audience or passengers feel more comfortable. 
In the arrangement of a large cold storage in accor- 
dance with the present invention, cold-storage 
goods can be uniformly cooled, thus saving en- 
ergy. The invention also enables frozen food to be 
thawed speedily, when applied to the thawing of 
frozen foods. 

According to the present invention, as de- 
scribed above, the center of each of a plurality of 
circulating flows is moved so as to eliminate un- 
evenness of the temperature in an air-conditioned 
space, thereby improving the air-conditioning ef- 
fects. 



Claims 

. 1 . A method of air-conditioning which forms, in 
a space to be air-conditioned, a plurality of circulat- 
ing flows of air respectively blown through air out- 
lets of an air-conditioning system disposed at pre- 
determined positions within said space, said meth- 
od comprising: a first step of changing the effective 
range of at least one of said plurality of circulating 
flows; and a second step of returning said at least 
one of said circulating flows as effected in the first 
step to said effective range of said at least one of 
said circulating flows which obtained before the 
first step, wherein said first and second steps are 
successively repeated. 

2. A method of air-conditioning according to 
Claim 1, comprising: a first step of changing the 
size of one of said circulating flows to a larger size 
or a smaller size relative to other ones of said 



circulating flows; and a second step of inverting th< 
relationship in size between said circulating flow* 
changed in size in the first step, wherein said firs 
and second steps are successively repeated. 

5 3. A method of air-conditioning according t( 

Claim 1 or 2, comprising: a first step of changing 
one of adjacent vectors in vectors of air flow 
blown through said air outlets, ^nd changing th< 
other one of said adjacent vectors in the direction 

10 reverse to that of said change of said one of sai< 
adjacent vectors; and a second step of effecting ; 
vector relationship reverse to that effected in th< 
first step, wherein said first and second steps an 
successively repeated. 

75 4. An air-conditioning system which forms, in ; 

space to be air-conditioned, a plurality of circulat 

ing flows (A A*. B B 4 ) of air respectivel; 

blown through air outlets (2d ^; 3Ci^ ; 2F 1 . 4 ; 3F M 
of an air conditioning system disposed at predeter 

20 mined positions within said space, said systen 
comprising: a first means (23, 24, 27) for changim 
the effective range of at least one of said circulal 
ing flows and returning said at least one of sai« 
circulating flows as changed to the effective rang 

25 thereof which obtained before the range wa 
changed; and a second means (22) for conductin 
the repetition of the two effects of said first means. 

5. An air-conditioning system according t 
Claim 4, comprising: a first means (22a) for chanc 

30 ing one of adjacent vectors in vectors of air flow 
blown through said air outlets, and changing th 
other one of said adjacent vectors in the directio 
reverse to that of said change of said one of sai 
adjacent vectors; and a second means for effectin 
35 a vector. 
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